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1
Introduction
In RAN #67 new CA work item for CA_7A-20-38A was approved [1] and in RAN #68 new CA work item for CA_3A-7A-38A was approved [2]. These CA configurations have two similarities. First of all only one band can be Pcell i.e. band 3 or band 20 and that the Pcell band is aggregated with Band 38 + Band 7Rx. It is likely that both of these configurations will be implemented in same terminal therefore we will take that into consideration while discussing UE RF aspects.
2
Discussion

2.1 UE architecture

In [3] it was discussed that a specific band 7RX + band 38 filter could be used as a receive filter for bands 7 and 38 and in [4] there was a proposal to use band 41 filter instead as those are readily existing and can be shared with band 41 operation.
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Figure 1: Possible UE architectures for CA_7A-20A-38A
Unfortunately neither of the UE architectures in Figure 1 support CA_3A-20A-38A. As band 3 is a high band it needs to multiplexed with Band 38 and band 7Rx with a triplexer (or diplexer combining 3 and 38+7rx). Possible UE architectures enabling simultaneous operation for CA_7A-20A-38A and CA_3A-20A-38A is presented in Figure 2.
As it is very likely that if UE supports CA_7A-20A-38A it also needs to support CA_3A-7A-38A and vice versa we proposed that specifications are derived such way that this is taken into account. 
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Figure 2: Possible UE architectures for supporting CA_7A-20A-38A and CA_3A-7A-38A

Based on feedback from filter vendor insertion loss for triplexer having band 41 filter can have up to 1.5 dB more loss than triplexer having dedicated 7rx/38 filter (due to the fact band 41 is very wide) which would not be attractice to reception of 7rx+38. Also triplexer having bands 3 and 41 would not be very usefull as such band combinationation does not exist thus band 41 performance would suffer without any benefit for band 41 users.
Proposal 1: Band 3 + 7rx/38 triplexer is assumed to be used when defining requirements for CA_7A-20A-38A and CA_3A-7A-38A

2.3 Filter data
Based on feedback from filter vendor 7rx+38 SAW filter would have 3.0 dB maximum insertion loss under temperatures and manufacturing tolerances. This value is compared to single band filter data taken from [2]
Table 1 Comparison of maximum insertion loss in dB

	Band 7
	Band 38
	Band 41
	7rx/38

	3
	2.5
	3.6
	3.0

	3.3
	2.5
	3.8
	

	 
	3
	
	

	 
	3.2
	
	


Based on filter vendor feedback when 7rx/38 filter is triplexed with band 3 then additional 0.6 dB loss is expected for both band 3 and 7rx/38. This gives total of 3.6 dB loss which is quite the same as band 41 duplex-filter.

2.4 Harmonic analysis 
Table 1 presents the harmonic analysis for band 20 UE transmitter. It can be seen that third harmonic signal will partly overlap with band 38 in frequency range 2570 – 2586 MHz. 

Table 2 Band 20 Tx harmonics

	UE UL carriers
	fx_low
	fx_high

	UL frequency (MHz)
	832
	862

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high

	2nd harmonics frequency limits (MHz)
	1664
	1724

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high

	3rd harmonics frequency limits (MHz)
	2496
	2586


Considering that harmonic overlap is only 16 MHz and that 7rx+38 band can be considered as supplemental downlink it is proposed not to consider HTF for this CA configuration. This would be beneficial to maintain the performance of the band 20 which is the coverage band.

Proposal 2: No HTF is assumed for CA_7A-20A-38A
Hence considering proposal 1 and 2 the UE architecture would be as in Figure 3 for CA_7A-20A-38A and CA_3A-7A-38A.
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Figure 3: UE architecture for CA_7A-20A-38A and CA_3A-7A-38A.
2.4
Relaxations
To accomodate 3+7rx/38 triplexer dTib =0.5 dB relaxation for band 3 is proposed according to the H-H framework.

Band 20 relaxation should be accoding to H-L framework dTib =0.3 dB
Band 7 insertion loss when triplexed with band 3 is 0.3-0.6 dB higher compared to band 7 duplex filter. 

Band 38 insertion loss when triplexed with band 3 is 0.4-1.1 dB higher compared to band 38 filter

Technically bands 7 and 38 should have same REFSENS as they have same filter and reception HW. Therefore it is proposed that when used in CA both bands 7 and 38 have the same REFSENS as band 7 has in single bands operation. 

This means that band 7 would have dRib=0 and band 38 would have dRib=2 dB (to compensate the difference in REFSENS table)

Proposal 3: dTib and dRib relaxations for CA_3A-7A-38A and CA_7A-20A-38A are defined as in Table 3.
Table 3 Relaxations for CA_3A-7A-38A and CA_7A-20A-38A
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_3A-7A-38A
	3
	0.5
	0

	
	7
	N/A
	0

	
	38
	N/A
	2

	CA_7A-20A-38A
	7
	N/A
	0

	
	20
	0.3
	0

	
	38
	N/A
	2


2.5
OOB
Out-of –band blocking requirement for band 7 and 38 when used in CA might be needed to be relaxed to accomodate the usage of 7rx/38 filter. This is quite similar as for 3.5 GHz where Band 42 and band 43 OOB requirement is relaxed [5] to allow usage of multiple types of filter technologies. Relxation is implemented as follows
Table 7.6.2.1A-0: out-of-band blocking for inter-band carrier aggregation

	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	Pwanted
	dBm
	Table 7.6.2.1-1 for all component carriers

	Pinterferer
	dBm
	-44 + RIB,c
	-30 + RIB,c
	-15 + RIB,c

	Finterferer
(CW)
	MHz
	-60 < f – FDL_Low(j) < -15

or

15 < f – FDL_High(j) < 60


	-85 < f – FDL_Low(j) ≤ -60

or

60 ≤ f – FDL_High(j) < 85


	1 ≤ f ≤ FDL_Low(1) – 85

or

FDL_High(j) + 85 ≤ f

≤ FDL_Low(j+1) – 85 with 

j < X

or 

FDL_High(X) + 85 ≤ f

≤ 12750

	NOTE 1:
FDL_Low(j) and FDL_High(j) denote the respective lower and upper frequency limits of the operating band containing carrier j, j = 1,…,X, with carriers numbered in increasing order of carrier frequency and X the number of component carriers in the band combination (X ≤ 4 for the present version of this specification).

NOTE 2:
For FDL_Low(j+1) – FDL_High(j) < 145 MHz and FInterferer in FDL_High(j) < f < FDL_Low(j+1) with j < X, FInterferer can be in both Range 1 and Range 2. Then the lower of the PInterferer applies.

NOTE 3:
For FDL_Low(j) – 15 MHz ≤ f ≤ FDL_High(j) + 15 MHz the appropriate adjacent channel selectivity and in-band blocking requirments in the respective subclauses 7.5.1A and 7.6.1.1A shall be applied for carrier j.

NOTE 4:
RIB,c according to Table 7.3.1-1A applies when serving cell c is measured. 

NOTE 5:   For inter-band CA combinations containing Bands 42 or 43, the interferer with respect to Band 42 or Band 43 shall have power level (PInterferer) for Range 3 modified to -20 + RIB,c dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.


For this case the need might not be so severe as for bands 42 and 43 and better filtering technology is used and excessive filter bandwidth is not so large as for those bands.
From Figure 4 it can be seen that for neither of the bands 7 and 38 the range 3 would be inside the actual pass band but never the less as filters are not ideal there would not be that kind of attenuation available either as is expected for range 3. Vendor feedback would be needed for the question that is there a need to relax OOB requirement similarly as for bands 42 and 43. 
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Figure 4: OOB ranges for bands 7 and 38

3
Summary
In this contribution we discuss UE design and specification aspects of CA_7A-20A-38A and made following proposals.
Proposal 1: Band 3 + 7rx/38 triplexer is assumed to be used when defining requirements for CA_7A-20A-38A and CA_3A-7A-38A

Proposal 2: No HTF is assumed for CA_7A-20A-38A

Proposal 3: dTib and dRib relaxations for CA_3A-7A-38A and CA_7A-20A-38A are defined as in Table 3.

Table 3 Relaxations for CA_3A-7A-38A and CA_7A-20A-38A
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_3A-7A-38A
	3
	0.5
	0

	
	7
	N/A
	0

	
	38
	N/A
	2

	CA_7A-20A-38A
	7
	N/A
	0

	
	20
	0.3
	0

	
	38
	N/A
	2
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